Background: Hypocalcaemia is the single commonest complication of thyroid surgery. Typically, serial calcium levels are performed post-operatively in order to detect hypocalcaemia, often requiring at least a 48-h stay. Our practice is to measure serum corrected calcium pre-operatively, 6 h post-operatively and 24 h post-operatively. Patients are discharged if they have a normal serum calcium value at 24 h. Methods: We performed a retrospective review to determine if the calcium slope from pre-operatively to 6 h post-operatively predicts serum calcium levels at 24 h, thus allowing early discharge. Results: Fifty-two patients who underwent total or subtotal thyroidectomies were studied. Hypocalcaemia developed in 19 patients within 24 h of surgery (serum adjusted calcium less than 2.15 mmol/dL) within 24 h of surgery. There were no significant differences between the hypocalcaemic and normocalcaemic groups with respect to Graves' disease (p ¼ 0.17), total thyroidectomy (p ¼ 0.39), number of parathyroids identified (p ¼ 0.66), or parathyroid autotransplantation (p ¼ 0.29). The serum calcium slope from baseline to 6 h post-operatively correlated with serum calcium values at 24 h (p ¼ 0.008). Conclusion: Serum calcium slope may be useful in identifying patients suitable for early discharge following thyroid surgery.
Introduction
Hypocalcaemia is the most common complication following thyroid surgery. 1 The reported incidence ranges from 5.4% to 83%. 2, 3 Traditionally, thyroid surgery patients remain in hospital for several days post-operatively to undergo serial calcium measurements. 4 However, modern resource constraints have led to efforts to perform thyroid surgery on a day-stay or 23 h stay basis. 5, 6 Some patients may not develop hypocalcaemia until four days post-operatively. 7 Thus, some means to identify patients at risk of hypocalcaemia is required to facilitate early discharge. Routine intraoperative parathyroid hormone measurements may identify at-risk patients but are expensive. 8 An alternative approach is to determine the rate of change in serum calcium measurements in the first few hours following surgery. 6, 9 The rate of change of serum calcium may be referred to as the calcium slope. We performed a retrospective study of patients undergoing thyroid surgery in a single unit in order to determine if calcium slope is an independent predictor of post-operative hypocalcaemia.
Methods
Consecutive patients undergoing elective or emergency thyroid surgery between January 2002 and December 2004 were identified from a prospectively maintained operating department database and their case-notes were reviewed. Patients who underwent hemithyroidectomy were excluded as this operation is associated with a very low rate of post-operative hypocalcaemia. Known risk factors for post-operative hypocalcaemia were identified from the literature and recorded for each patient. Hypocalcaemia was defined as a serum calcium level of 2.15 mg/dL. In this unit, all patients undergo baseline serum calcium estimation preoperatively (time #0) and post-operatively at 6 and 24 h. Serum calcium slope was calculated using the formula [Calcium at time #1ÿcalcium at time #0]/[Time #1ÿtime #0]. Slope values were calculated for time #0 to 6 h and for time #0 to 24 h post-operatively. Patients were divided into those who developed hypocalcaemia and those who did not. Calcium slopes and known risk factors for hypocalcaemia were compared between the groups using the student t-test and Fisher's exact test. The 5% level was considered significant. All p-values are two-sided. All values are mean unless otherwise stated.
Results
Fifty-two patients who underwent total or subtotal thyroidectomy were identified. All case-notes were available for review. Nineteen patients (36%) developed hypocalcaemia (serum adjusted calcium less than 2.15 mmol/dL) post-operatively. The comparison of potential risk factors is summarised in Table 1 . There were no significant Figure 1 Typical post-operative calcium slopes in patients with (B) and without (,) subsequent hypocalcaemia.
differences between the two groups with respect to the proportions of male patients, those with Graves' disease, those undergoing total thyroidectomy, baseline calcium values, numbers of parathyroids identified or numbers requiring parathyroid autotransplantation. Typical serum calcium slopes are shown in Fig. 1 . Patient 1 had a slightly negative slope in the first 6 h and remained normocalcaemic. Patient 2 had a markedly negative slope at 6 h. Even though patient 2 was normocalcaemic at 6 h, hypocalcaemia had developed by 24 h post-operatively. Mean slopes for the two groups are shown in Table 2 . Patients who became hypocalcaemic had a much sharper fall in serum calcium levels over the first 6 h post-operatively. There was a significant linear correlation between slope over the first 6 h and serum adjusted calcium value at 24 h (Spearman correlation co-efficient; r ¼ 0.34; p ¼ 0.04).
Patients who became hypocalcaemic at 24 h had a more negative serum calcium slope over the first 6 post-operative hours ( Table 2) . Of the 19 patients who developed hypocalcaemia, 18 were hypocalcaemic within 24 h. In the remaining patient, hypocalcaemia developed between 24 and 48 h. This patient had a markedly negative slope over the first 6 post-operative hours (ÿ0.05 mmol/dL/h).
Discussion
Previous investigators have demonstrated that the rate of change of serum calcium over the first 24 h following thyroid surgery can be used to identify patients at risk of hypocalcaemia. 6, 9 Marohn and LaCivita found that a positive slope predicted normocalcaemia. 6 Adams et al. performed a retrospective review of their experience in patients undergoing thyroid or parathyroid surgery. 9 In the thyroid surgery group, they also observed that patients with an initial positive slope never developed hypocalcaemia. However, only 27% of patients had an initial positive slope. Thus, if positive or negative slope were used as a criterion for early discharge, three-quarters of patients would still have a prolonged stay even though only a minority develop hypocalcaemia. Considering the magnitude of the slope may be more useful. Adams et al. found that 36% of patients with an initial negative slope developed hypocalcaemia. These patients had a much steeper negative slope, almost twice that of normocalcaemic patients. This corresponds with our findings: patients who develop hypocalcaemia have a twofold greater rate of decline of serum calcium in the first 6 h post-operatively (ÿ0.01 mmol/h versus ÿ0.004 mmol/h).
Neither of the previous studies 6,9 took account of other known risk factors for hypocalcaemia. Established independent correlates with postthyroidectomy hypocalcaemia include elevated free thyroxine levels pre-operatively, bilateral thyroidectomy, parathyroid transplantation, 10 surgery for cancer, retrosternal extension, 4 gender, re-operative thyroid surgery, Graves' disease and hospital operative volume. 11 There were no significant differences in the distribution of most of these factors between our study groups. Only calcium slopes differed. This suggests that calcium slope is a more robust indicator of the risk of hypocalcaemia than simple factors such as surgery for Graves' disease or total thyroidectomy. Calculation of the serum calcium slope over the first 6 h after surgery predicts the serum calcium value at 24 h, facilitating safe early discharge of the majority of thyroid surgery patients. 
